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INTRODUCTION 


The emerald depesit of the Urais, well known in 

trie yore Literature under the name Emerald Mines, has 

udied by many investigaters for nearly 130 years. 
The genesis of the emerald~bearing veins has provided 
the principal seurscs of imterest, especially in regard 
to genetic coumections petween the emeralds and certain 
Emitrusions. : 

The majority of investigators have associated the 
cenesis of the emeralds with the Murginka granite intru- 
sion, While several of these have rather linked them 
with the vein doriysiive reeks of the diorite massif. 
he Latter hypothesis has remained at present unconfirme 
by factual material. The theory cf 4 genetic connection 
between the emeraids and the granite massif has gotten 
an impetus toe further development on the basis of the 
ample factual material ee then in the past few yearSe 


The Emerald Mines of the Urais are of exceptional 
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Chemicad Analytical Findings of Manganese 
and Chromium in Fluorite (Cin percentages) 
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Fige 66. Light green beryl cr,stal broken by fissures 
and separated toward the lengitudinal axis. The. 
i CP issures are filled with phiogopite. Nat. size. 
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‘ weaction, while a considerable portion of it is carried 
off and deposited in the form of the same kinds of new 
formations in the crewices and hollows of beryl, pilagio- 
clase, muscovite in association with flucrite, tabular~ 
prismatic albite and fine-scale mica. Moreover, the 

i yadial celurmar precipitations of bavenite with epidoete, 
sphene, ferruginoius prochlorite (ripidolite) are found 

; in thin plagioclase streaks which cut threugh amphiboles 


and serpentine « : 


RR es ne 


a a 


al SE eg ae ey gt 


(OC ER LAAN IEERG ARR Nee are ie, a, prea inare in or b A Ni e: aAh De eae EI Re oot 


OA iE ET LD a 8h ey 


Fig, &%3. Replacement of Beryl (B) with 
Havenite (By). Maugnif. 20% 
Nicoete 


The most characteriatic bavenite associations 
are with beryl, plagicclase (No.31), fluorite, corundo- 
phalite, muscovite, albite, beryliiurmeconutsining microe 
cliné.e Bavenite is later in precipivation time than 
all the minerals associated with it, with the exception 
of ripidolite, later than albite and epidote which grow 
on the segregation of bavenite, Frequently, the bave-«~ 
nite crystaliizes about spherolites of corundophiiite 
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The: replacement of “beryl with bavenite and beryl-~ 
| lium containing misraclase oe along the system of 
irregular cracks j wien the process has gotten far under- 
nats this netwerk of fissures peccwes concentrated, and 
the beryl is either completely oo or sustained in 
' the form of insignific cant relic amidst the bavenite 
© {Fige. & ). Gecasionally one sees the pseudomorphism of 
: | bhavenite and Dery ti eerie Ont aes micrecline after beryl 
' Purdue Later stages in the hydrothermal DY OCE ess payouts: 
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i 29. BERTRANDITE ; 
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» . : ‘ eS , H 
aress line pegmatites and in pneumatolytic-hydrothermal | 
) Weins. Tt as neted somewhat Less often in pure line i 
, 
i 
' : 
: 
ie 


Pi ' ee ? ra Ay 
“o ae a“ a i | : Aa 
Gao ee eee 


SUI tp Ny ee 


* 


Fage G4. Bertrandite Crystals : 


pegmatites. Bertrandite crystais are very tiny (0.5 2 * 
x 2,0 x 3.0 mm) and display a plate form, Sometimes 

prismatic crystals are discovered, forming aggregates 
0.5 x O,8& x 1.0 om in size. | a | 
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: In view of tne friability or the mineral, weil 
preserved crystals are very rarely met with, Measuring 
; the platy crystals, the following forms were discovered 
) (Pig. 64: indices presented according to V.M. Goid- 

' sebhmidt}: af100), bf001), ¢(016), gf116) and £6130}, 

' The Faces (010), (110), (4130) are very narrow and 

bye gecemennsueatse nein tnt ielpaearaen cat eaten ei me en ttn At aN 


REND EMEA LOR ne Mis ie SOM Dhl AE AGRA RB A EIS he RL ES ROL RVR Man roovttrarsiedeasnes Bs Ek rah Sam st eGR MGORE Pra IA BE RETIRE GTI ROOT ADR OS AE 


ordinarily produces poor signale. Face {001} is often 
dull and in certain sections atronmly pitted, 
The mineral is colorless, water~-trangpareant , beroming 
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milky white woon decaying. The Luster 18 glassy, some-~ 

times peariy, Cleavage along (OGL} da perfect, along 
(010) good. Ft is eslorless in section, Gpiiealily 
biexial, negative. Refraction indices: Ng = 1.614, 
Na = 1.606, Np = 1.592, Nee Np = 0.02%; 2Y = 74°, The | 
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Fig. 65. Heating (1) and weight 
: tees (2) curves of berte 
randite. 


Besides, bertrandite ig seen in the kaolin matrix as weil 
formed flat - erystalis which sometimes gather in garalel 
eaceregates. Im those cases, where the bortrandite hag 
formed with bevenite, unique reticular segregationg 
develop; when atudied under the micressope it has been 
discevered that they consist of fiekes of hertrandite 

and fine-scale mice e 

Somewhat Lesa often bertrarvdite ic found im muscovite 
fiuerite lenses in desilicomized pegmatites, as well as 
in albite-guarts and misscoviteralLbites pueuma tolytic~ 
hydrothermal veing., It is represented hy fine prismatic 

crystals or aggregates of eryateis (ue to 1.60 cm epee a 
Which Bave grown om the corroded faces of beryl er on 

the walls of hollewa "Pernea aga comsegunence of its having 
been leached .. 

In pure Line pegmatites bertrandite develops rather 
Leas often on bervi-e 

the most usual bortrandite associations are with 
plagioclase (No. 28 - 8), beryl, bavenite, albite, flu» 
evite and corundophiilite. In relation toe theae minerals 
bert amdite forms Later. 

The Flat bertreandite crystals stemming from kaolin« 
iged plagioclase lenges in desiliconized pegmatites arse 
sometimes somewhat altered, this being expressed in tur- 
bidity and the appearance of milky white color. These 


66 


alterations in the bertrar 


¥ 


are connected with their 


increased ae agains and the presence of a considers 
of 


ost 


able amount of cakcivs 


penkoa at Pi ere ene eLki 


te yam & iat 3 t a 


E . PF, FaLR 
and Fu Y¥. 


uUsiy noted by 


. “4 4 we ge ay 7 rh Yrs nih ‘4 aoa “™, “ my mys Kate gue re ‘7 ee te 4 . 

Chukhrovw and N,N, Smaityanin at the No eth Koundra ad sled y 
’ in a Pa) al ue a se 

agaposit {i woo } a 


et 


% 
se 


"RS “oS 
eee: 
tikes * 
* 4 wae 
te ‘e+ ten 


Fie.d6, Developt emt of Bertrandite 
ibe} on Beryl (53 and Bavenite 
(DE). aca By 35 Ne. without an 
AGALYZER . 
30. BeRYLLTUM-CONTAINING MARGARITE 
Margarite (dipbonite} has been deseribed very briefly 
by 4. Ye. Persmant(1925)3 this berylliwn mineral was not 
mentioned in tae chemical analyses presented. The beryl- 
dium oxide content (1.86 - 4,26%) in margarite from the 
wmorald Mines distinguishes it Substantially fren the 
other margarite varieties in deposits in the USSR (Afa- 
maatyev and Aydin'yan, 1952; Ginzburg, 1995} and in for-~ 
@éign countries (Koch, Beane Nevertheless, A.T. 
Gangburg did noete that an increased amount of pat a cae 
Wes contained in margarite from Postmasburg (South Africa 
according to spectral Cae 
At the Hinereald Mines margarite is found in cross-line 
pekmatlites and in pneumeatolytic-hydrothermal formations 
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i £orm apophyses up to 5-6 cm and rosettes up 
“« 1.68 cm. On aecasion margarine is seen as tabu- 
wet soe $e be a O.5 « 4 «x 1.5 em in sise. The coler is 

: “4, gxvavieh belus, bluish green az ad eee Drown « 

ie oeetect along €OO1}., It bas @ pearly luster 
at the base line, glaseay at the fracture, dt is. trans~ 
parent to semitransparont, Tne hardwese ls 
ape catia wekhaeht 46057 ~ 507s fe £0 oolerde 
lt is biaxial, negative; 2V¥e«e 63°, The inde 
gion : Ne = 1.646, Nm «= 1.643, Ng = 2.642, Ng - No = O.OL4., 
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Recalculation of the findings of chemical analyses 
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of margarite (Tabis 66) produse the following formulas: 


me . 
ah Oe EER aarp REAR Na TO = dr d 


Analysis 1.-+ (©40.0Na0.07Ko,02)1,04 (Lio, 2o!g0,06)0,26 (Alz.onF €o,02)2,08 
[AN Bey, sete puja} [0 .90H 77 Fe. 20)2,0 


Analysis 2. (CaoolaojKo,e,)112 (Lio, isMgs, eco (Aly sol eo mCro.o2)s,92 
[Ali .oBeo,s0Si2.¢1 (Oo OH odio} LOH wsFo.sr}2.0 


Analyeia:-2 (Cag os.N85,0Ko,0 067 (Lito. oaMigo.oda,17 (AloosFee,o1 2,07 
wera Ve YS is ; sy ay % ne 
y 2° fAls s:Beon eSisaDie} [On nOH sos. osbe.o 


In contradistinetion to ordinary margarite, the sili- 
con in tetrahedrons of the mar¢arite analyaed coming 
from the Uralian Emerald Mines was not only replaced by 
aluminum, but by beryllium as well; compensation in the 
valency 36 then achieved by the replacement of oxygen by 
Liuerine or the hydroxyl group. 

Precipitated beryllium oxide (Table 66, analysis 2, 
3) was anadlysed by the spectral methed which showed tne 
presence of foreign substances totaling not more than 
O.1%. Spectroscopic determination revealed in the mare 
garite: strontium (0.005 - 0.05%), nickel (0,005 ~ 0,05%), 
titanium (0.05%), vanadium (0.005%), gallium (0.001 ~ 
6.005%}, copper (0.0005 - 0,0025%) and tin (0.001%). A 
comparison of the Pindings ef chemical and spectral anale 
yses of the different margarite varieties has shown that 
only insignificant variations are observed in their beryl- 
Lium oxide content. Chromium (0.4%) and nickel (0.25%) 
are present in the bluish green margarite, which is 
apparently responsible for the green coloration, 

in cross line pegmatites margarite occurs chiefly 

in the phlogepite zones and at their contacts with plagi- 
oclase bodies. It is nat found in pure Line pegmatites. 
in the phiogepite zone margarite is represented by tabu- 
lar segregations (0.3 x 1x 1.5 cm) of Light brown and 
grayish blue color (Fig. $8}, as well as by foliates of 
@ pearly white hue which sometimes make up streaks (Tig. 
SG}. It is associated with tourmaline, fluorite, 
apatite and chlerite. At the contact between plagioclase 
and the phlogepite wone, the pearly white wargarite vari- 
ety forms fringes up to 5< 6 cm.thick which are composed 
of finely scaled massive deposit or foliations (up to 
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Chen oad Composition of Boryllium-Containing Margarite 
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6,6 = 1.0 cm) sometimes oriented along the cleawage foli-+ 
ation of ees phlogopite gone, Bometimes perpendicular te 
dt. Occasionaliv peerly white margarite eccurs in the 
plagioclase nag and in the chlorite sonea in Sart 
tich with apatite and platy bhryachberyl., At one of the 
SCO¢1LOnS Alaonar the contact between ee mite aad muscovita- 
fluorite Lenses a bluish green m pei be Variety was 
found, made wy of. thin (308 om) fringes. 

In pr pene bowie trothermal veins Margarite is 
encountered comsidéerahly less frequently. Two varieties 
gecur here, the seen whate and Light brown. Pearly 
white margarite forms thin fringes (162 am} in albite 
CUArte End muscevite akbhite veins at the contact between 
the albite gone and phlogopite fis light brown variety 
ee (88en im the form of thin ta ule ar preaipatations ao 
x O.4 om} im the phlogopite zone of muscovite-albit 
veins tegother with fiuorite, The most eye en ae 
paragenesis of margearite: phiogenite, plagioclase, fluo~ 
rite, apatite, chrysaberyl and tourmaline, Its precipi- 
tation tame ta tater than the above iisted minerals . 
Meargarite de fermed either during the late stages of the 
pepgmetite Dracesgn or at the pnevisataolytle-hydrathermal 
Stage and under canditions where the molten solution is 
tmurbobed with alvsinus and: deprived of Si hicon gLiGxide 
ard ehikahi te 
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3.5 «5 x 6.0 om, tending te occur either at the contact 

between the intensively albitised microscline gone and 

the quartz sere, oc at the blocks of potash feldspar 

which are sometimes strongly albitiged. In tantalum 

and columbivum content (see Table 67) it belongs to the 
ceolumbite=tantalite, rion in manganese. A predominance 

of tantalum over the columbium in the colusbium-tantalates 

s gonerally characteriatic of pegmatite veins having a 

ape structur acc strongiv Govern’ -d snbsatitution 


Processes as 
} 
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Table 68 
—_ Findiass of Spectral Anailyeia of corneas 
a ee (in percentages) 
Bloment , Columbite Columbite~ 
; , : TantaLlite 
Beryliztum as . | 0,005 4 O05 
So RPL was i ae AMS 6,005 
hee Hgts SOydos 0, 005 
Bismuth watever, 6,002 () 605 
Copper aa | 6,005 0, 0028 
Nickel : ree al ee “= 
Rist aa a oS 65 38 O O20 mad 


69-4 


 Columbite is often found in penmmatites with 
mediim-grained texture, The crystals have considerably 
smaller size {up to 0,6 =x 90.8 * 1.5 cm} and are rather un- 
uniformly distributed among eegregations of potash felde 
spar or the albite which develops on it. The columbite 
coming from the madium-grained pégmatites (Table 67, 
analysis 1) are characterized by the prevalence of 
columbium over tantalum (in a 2:1 ratio) with nearly 
equaki molecular contents of Fe and Mn. 

Gceasionally, columbite is found in pegmatites 
eccurrivng in a grenite maseit and in albite-quarts 
veins. In the first instance Fine cotuabite erystals 
(up te OO.) » 6.15 x G.%3 em) tend te eccur at microcline 
granules, and in the second at albite fringes in ths 
GuaArte VOims » 

The usual association for calumbite is with micro- 
celine, garnet, querts, molybdenite and fluorite. The 
basic part ef the columbite was farmed im the early 
stege of the pegmatite process, imusprach as its ¢rystals 
are as @ rule ambedded in mierociine, sometimes in ale 
bite and garnet which developed along the microcline. 


42, Microlite 


Microlite if rarely encountered In the ferm of 
fine octahedral crystals and ovel eranules, Its color 
is light yellow and reddish brown. It accura with 
potash feldspar in grenitic pagmatites. The debayegram 
for microlite is typical of the given mineral. 


3%, Molybdenite 


Molybdenite is found at the Pmeraid Mines as a 
secondary mineral. It is revresented by fine scales 
and idiemorphic plates showing hexagonal forms, while 
crystais Aare rarely seen, Dhe gige of the plates ordi 
mariiy varies between 0.5 and G cm in diameter and 
goes up to 106 cm in isolated cases. It is grayish white 
in reflected Light. It is strongly anisotropic. 

Table 69 shows the chemical analyses of molybde- 
ite from pure line pegmatites (analysis 2) and plagio~ 
clase — in desiliconized pegmatitites (analyses 
&2 amd “je 
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Table ne 
Chepical Composition of Molytder ae 
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The findings of spectral analyses of Tive mo lye 
danite sampies are peesented in Table 70. The farat 
ree of these Be ep.es were also studied by the chemical 


a, 


mathod (2, 2, 3) 

Moly fudend te ia found in pure line peguati ites 
Aegurr Las both im ¢ranrtas a in metamorphic strata, 
ana well ae in desilicerized pegmatites and in phievma to- 
hytice-By are ther: format Loans » 
| In pore line pegmatites molybdeni te tends ta 
eachur at the microciine which is met wi ith im the Porn 
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of fine phenscrysts and sometimes yphaty segregations up 
os two centimeters in ize. In the destiiconinze 1c DE EMA 
ites it forma fine Cup to 0.5 om) phenocryats at the 
eomtacnt between the plagieclase bedics and phisngoepite 
gone. is large BGR eee tions (26-5 om, sometimes up to 
O om in diameter} are Younmd at the plagioclase Cores 
er at their contact with quartz imciuaious., The moet 
abundant dmpresmation deposit of nolybdenite is moted 
an grayish green plagioclase, where it 18 chesely @3- 
BOGS ulna with native bismuth. Besides, malyeus anite 2s 
por SON in the phiogsepite mone and Symectlines Le mated 
iG eos Lanaee. Fe pneumetolyticehydrethermal 
weine #olybdeanite ds emcountared tn the form of Tine 
fieakes in quarts bodies and phiogopite wones, ouLy at 
a Single seation near the contact between the quarts 
po dy and plagioclase dees one ges large (up to 3 em) 
tasular precipitations of molybdeniteé. 
in this manner molybdenite is present imu @li veiamn 
formations, beginning with high temperature PrEmaTetes 
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Table 70 


Pindings of Spectral Amaiyeses of MalLybdenite 
(im percentages} 


Prom pure linel _ 
m4 Pence on cen eo RR ‘ “a oN ih . 4 Ets ] 3M <f . Sit 
pesmatitas! POM GGSkLACONLZad pe oma 
Ke at * ’ tue EF . “ a 
ere TEtees 


juet 


| SAD SA Rt a Reet pete “ E " “ 
mere : AN RE ry per PI et od ley A eer a Cr ee Ree] Pe eae, Laem mit he san berlin therein ne nett eieedonieh teem i eeead, tee le 
*. . 
” 4 f i 
& oh | 4 ‘g Wy 


Wan Ar A inp eit wr eee 
RRL Ee OA A Nm et IA oP ah tral hl MLA be oe MaRS al la disk te nae ten aatereetiamameinaharsianieamladaiiach nae te tannin tegen OT a 
oa ne 


6.0001 | 0.9903 


2 
goose | oo 
oer Q x 0) : 
0 965 8,008 


i 
? 
a * 


~~ 


sf) * 
5 


* = 


Manganese 
Lead 
Tax 


G G,005 0,005 


3 


,GC4 


Seiad een 
i 


or udeed 


i 
| 
: | 
| 
} rape 
! | | () OR} 
Ma snes Lum | 0.0025 | | 
Silicon od 0.005 | 
; t 
ermieanium . | ane | ae | 
Bismuth Ce Ls ! isk ff} 
7 ae. | 
: | 
: | : 
| 
| | 
| | | 


wpa 


3 
| 
! 
| 
H 
| 
0,026 | 4, O95 
} 
| 
| 
| 
| 
i 


a re 
if $ H if} $ macnn 


* 


U.008 0, ri 
6,01 


6,005 


sonra 


ALuUmi rw Br O04 O04 
Coppar soe 
Silver o 
Nickel ‘ 

CabLoiwm He 
Strontium 


0 OS 
y GOBs 


enh a 


6,005 


0.0025 


Of 
00005 


G0 
O O0DS 


¢ 
o 


* 4 om. i 3 B * ay Cc aM, . re n¥ p La 4 
Beryllium was determined by quantitative 


hie te’ me eh te % 44 =. 
2PecUral Analysis 


pe ty 

Peas 5 

Gast? et 
i 


AS se 2 fi 
oo heale = og BE as ales 
ried LEE eae 2 
oe z 

fa + 


iy 
ue 


Ps 

ay 
ate Wes cere , 
eet 
oh ea Sy 


rae oat ey it “a sae, fy + * 6" i ‘ 
Figs 90. Intergrowth of Molytdenite with 
Native Bismuth. Magn. L90x 


72 


and oe up to Low temperature quartz viens. Its 
characteristic associations are with plagioclase, native 
bis a phiegopite and actinolite., Fine tabular molyb- 
denite erystals are often covered with albite and calcite. 
The precipitation tine of molybdenite in desiliconized 
pegmatites is close to that of native biswuth, with which 
it forms intimate ae nia en ee 
Molybdenite from the Emeraid Mines is often sub-~ 
stituted at the oxitation zone Beowe ithe. ferrvimolyb- 
dite and molybdic ocher. It is frequently possible to 
see hollows with hexagonal or fissured form, covered with 
a coating of molybdic ocher having a yellow or bluish 
ereen color with still pregerved , occashonal remainders 
of molybdenite and powellite flakes. 
During the process of formation of the Emerald 

Mines the ereatest amount of molybdenum tended toe con~« 
eentrate at the mobile part of the molten pegmatite 
solutiona enriched with wolatile compounds. The Latter 
was characterized from tne very ee ean by increased 
molybdenum cantent: moreover, the relative concentration 
of these elements was heightened rae the interaction of 
the melt solution with the enclosing rock, when the other 

omponents of the melt Left to form contact zone minerals, 
Increased molybdenum concentration is also noted in later 
pneumatolyticehydroethermat solutiong. 


34, POWELLITE 


Kowellite ae rather infredquently found at the 
Uralian Emerald Mise lt ais seen in thin foliar agere=- 
gates (Cup to Lebo Ss em across} having a yellowish gray 
and Light brown color, Monoaxial, positive. The index 
of refraction is N «= 3.02 & 9.04. Powel lite ae 
from the plagioclase zone in desiliconizged pegmatite 
Wad analyse 2d spectroscopically (Table 71). 


t 


Powellite is ordinarily adapted to plagioclas 
in desiliconized pegmatites and is formed as the re Suit 
of oxidation of molybdenite, from which only individual 
flakes are often left over. Powellite is substituted 
in its turn by molybdic ocher with a greenish blue hue. 


Table 71 


Findings of Spectral Analysis of 


Powsliite 
ElLemonts Weight % Elements Weight % 
| | 

Baryllium 0, 005 22° O8 | 0,1 
Manganeee 0,005 | Binmutis 06,0025 
Lead 0,005 0) Aluminum 04 

Tin 8,005 Copper 0, O05 
Magnesium 0,05 | Strontium 6,035 
Silicon ; 0,005 i Bar iui 0), 0025 
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33, FERRIMOLYBOITE 


Ferrimolybdite, a product of the oxidation of 
molybdenite, bas «@ Limited soceurrence, Ft is found at 
the plawicciase in destlicenized pegmatites where it 
has @ large number oF chink-like hollowe whose walis it 
CGiors gray yellow or greenish yetlowe ne size of the 
hollews varies from O.%3 to 2 om in diamete Sometimes, 
in @ powdery mass of ferrimalybsdite there is preserved 
individual molybdenite flakes covered by a thin coating 
of this tiineral . 

Ferrimolybdite is associated with molybtbdenite, 
apatite, beryl, fluorite ae mative bismuth. 


3%, MGOLYBDIC GCHES 


Molybeic ocher is the end product of the oxidae 
tion of moiybdenite. It is found in plagioclase cores 
in desiliconized pegmatites, where a large amount of 
cnhink-like heliows are sean, whose walls have kept 
sparse traces of greenish blue acher with molyhdenite 
Fiakes Crem being leached out. 


37. ZIRCON 
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, 2ireon is found im the phlogopite zone as very 
fine (up te 6.01 mu) perdematic crystals, usually sure 
rounded by pleochroic halos (Fig. 91). Spectral analysis. 
ef phiogopite with en extremely large nugher of inclu- 
Sions of wircen shaws traces of zirconium. 


Bh g oF dh ° 


a. i06@greon Crystals with ©. 

4) | pleechroiec halos. Magn. 

400%. Without an analy- . 
ner. 2 


& 


ractionm zone at the contact between dicrits and serpen- 
time, composed of farrephlegepite, Somevhat fewer zire 
eum inclusions axe contained in the phiogopite zones 

of desiliconized pegmatitess ~~ | 


The greatest quantity of zircon’ was found in the 


48, SCHEELITE 


Stheelite was discovered at the Emerald Mines in 
the form of granular aggregates (up to 0.30.5 em in 
diameter) with greenish yellow color in dolomite streaks 
which transverse serpentine. 44 is asseciated with 
prenacite, Piuorite, ilmenite, pyrrhotite and pyrite. 
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SECONDARS ELEMENTS 


BERYLLIUM 


The geochemical history of beryllium at the Emer- 
ald Mines of the Urals is extremely interesting. In 
order to discover the distribution of this element in 
the enclesins reck and different types of veins, as weld 

as to diescever the laws underlying its distribution, a 
number of chemical (Table 95) and quantitative spectral 
determinations were mad@. 

The highest constant beryllium oxide content was 
characteristic of granite (06,0007 = G.0025%) and ite 
vein complex (0.0021 ~ 0.6037%),. Increased heryiliun 
oxide contents (0.0008 ~- 0.0022%) were noted for ultrae 
basic rock and its metamorphized varieties only 16 
sections adjoining the contact with the granite oF the 
Murzinke intrusions. With greater distance from this 
intrusion the beryllium content im ultrabasic rock 
diminished sharply. for example, east of the contact 
with the granite massif ome noted only traces of beryl- 
lium in the ultrahasic rack, while im serpentinigzed - 
veridotite from the Ashest deposit, beryllium was not 
discovered, It follows from this that the basic source 


a 


of beryllium is the gramite intrusion. 
Table G5 


Beryllium Oxide Content in Rocks 


Rock Bet Content ,% Number of 
determinations 
Pegumatite ~ ed 0,004 ~ 0,007 | 6 
Apiitic rook 3 0,008 - ‘ 
Biotite granite oe 0,001 60014 — a) 
Binary granite beh ss 1} OO07 a 0, G25 [4 
Porphyroid granite ... 6 , 0028 1 
Quarts diorite ee 11,0007 — 60,0633 e st 
Diorite-porphyrite ae 6, 0014-0, 0072 = 8 
Amphibole gneiss soe 6, 0028 | { 
Chromium-containing «- - 1), 0020 — 0, 0051 2 
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Rosk | | Bed Cantent,% § | Number of 
ceterminations 


amphibole | 
THs emols te woel- ~ 6.60.0, , 
Pyroxere porguyrite. . ., 
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probabitivy intreduced in the form of fluorine compounds 
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the unewen distribution of beryhidam in the vein 
complex ghowld be noted (Table 065. Zn PUN LEMG Pe po 
MHathtes there occurs among the intx exyl Ld uid 
minerahe only beryl and vary imasignificant amounts bert- 
rFamdite formed after the beryl. In the dispersed state 
weryLiaum Ls found in eight minerals: micrecline, garnet, 
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undifferentiated structure « 

In pneumatolytic-bhydrothermal veins 
pure Line pegmatites, ae Saas 3c present 
, ant in the composition of beryl and bertrandite 
» at the Sas eu Seal State Tt oc«-. 
fi 3 covite, bornite and albite, while it 
fi an the latter in et greater amounts than 
bite from pure Line pegmatates. 
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One finds in the desiliconized pegmatites, in 
Gistinetion to pure line pegmatites and pneumatolytice 
hyarothermal formations, all of the independent beryllium 
Hireralse knoen from the Uralian Emerald Mines: beryl , 
emerald, chryseberyil, alexandrite, phenacite, bavenite, 
and bertrandite.  Moreaver, beryllium L& present in 
increased quantities in margarite, plagioclase, prochlor- 
ite, prehnaite, actinolite, where the content ef this 
element exceeds the elarice by several times. 

sdihic@® deficiency im the mineral formation pro-~ 
cess of desiliconised pegmatites results in beryllium, 

| aie has an Nee radius closé@ to that of silicon, 

ns tine to Punetwon as the latter in ¢erystalline 
ee tures. Phis produces partial dispersion of the 
parylLiian in the minerals of tne contact Ones, especial-~ 
ty am prochlorite. silica deficiency, together with 
relative excess of aluminum, produce the characteristic 
associations of beryl] lium Minerale: beryl + chrysoberyl, 
phenacite + chrysoberyi which tend to occur mainly with 
chlorit@. | 

im conditions where tuere is a shortage of sili- 
on dioxide which enters into the formation of alumino~ 
ilicates of Meee am iron, calcium, i.@. elements 
Wi2ch have more basic properties than beryllium, beryl 
cannot be formed in a number of inatancees and instead 
Ot it there arise: heryllium aluminate --chrysoberyl and 
beryllium silicate ~«phenacite. The process follews the 
Following scheme: 


: 2 


e 
& 


zt ‘ . ~  & 
Be, ALSO i. aa BSiG. ~t- Be. Sid, +. Be Al, 


AS Oobdschnidt has pointed out (1938) the associa- 
taon of beryl, piremacite, chrysoberyl and quartz cannot 
be formed under the same temperature and pressure condi-~ 
tions. He does nevertheless as.ume the association of 
phenacite with wuartz. This edie Besiek is true, appa- 
rently for granitic pure-~:ine pegmatites, where no 
alumina excess is perceived. In the jest meanieed 
péegmatites of the Emerald Mines such a paragenetic asso~ 
ciation is hardly probable due to the relatively high 
alumina concentration in this process. 

silicon is principally isomorphically replaced 
in beryllium minerals. This process has appeared most 
CLearly in beryllium-containing meargarite, In this 
minural the amount of aluminum is reduced in conformity 
with an increase of beryllium in it. This regularity, 
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LINC 


Among the independent wine minerazis found at the 
Emerald Mines only sphalerite is known. Zine is present 
tm 27 minereais in the form of Bee tied Saas additions. it 
is seen is pure line pegmwatites in muscovite (6.065 - 
0.025%), garnet (D.005 = O« 55 y waa na pueumatolytic- 

hydrothermal veins im bornite (0.05%) and in muscovite 
(0.005 - 0.025%). ‘BDesilisoniszed pegmatites are charac- 
terized by & por ener Large amount of minerals 
(tourmaline , prochlorite, cerundophilite, actinslite, 
prehnite, phlogopite, ete.}, im the composition of which 
fine £26 included (see Table G&), 
The presence of sphalerite LY pneumatolytic-hydro- 


thermal veins and gine in dispersian im pure Line pegma~ 


tite mimerala suggests that its main source is to be 
feund in derivatives of the granite intrusion, The 
cleseness in wise of sinc'a ionic radii to these of 


magnesium and bivalent irom and the high centent of the 
hatter in the vain complex have preduced the strong 
scattering of aime in Lerro-magnesium minerals, 


Goren ia relatively widespread throughout the 
Uralian Emerald Mines. Ft is found im granites, their 
Vela derivatives, a8 weil as in the enclosing rocks 
(fable 97), Boren has probably been introduced inte 
their metamorphosia by early emanations of granitic 
iMmtrusions in the form of volatile Plucrime compounds, 
4M particular BPs. THGE main maecs of boron apparently 
WAG Lntroduced at the vein stage in the formation of 
the deposits by pegmatite-pneumatelytic molten solutions. 


Table $7 
Boron Content in the Enclosing Hocks*® 


Rook 2203 Content, in % 
Metamorphized danite . + 8,048 
Serpentine 0,044 
Carhonacesus shale a, O04 
Tale schist 0,005 


G2 


Table 97 (Continued) 


Rock B.0, Content, in % 
a 

Amphibole gneiss | O04 

Binary granites 0,024 


* Boron was determined by chemical analysis 


Only tourmaline occurs among independent boron 
minerais in pure line pegmatites. Boron is present 
as sparse additions in these pegmatites in muscovite 
(0.014 - 0.026% Bots ). In desilicomised pegmatites, 
besides tourmaline, boron entera in slight amounts in 
phiogopite (traces to 0.006% BgQ3) and prochlorite 
(0.068 ~ 0.059%}. The high boron content in bavenite 
(Oo 31% Box) should be mentioned, which forms at the 
Late stage in the hydrothermal process in desiliconized 
pegmatites., Boron's ability to substitute silicon pro-~ 
duces its widespread dispersion in chlorite, phlogopite 
and muscovite. It is danteresting ,o note that a con- 
siderable silicon deficit in bavenite is compensated by 
boroti. 

Boren is a widely distributed element in the 
emerald deposits in other countries. Im all cases its 
chief amounts ar@ connected with tourmaline in desili- 
conized peematites, in which this mineral occurs more 
rarely. It is only natural that toran is fixed in tour 
maline, since the melten solutions which form the desili-~ 
conizged pegmatites hit the enclosing rock which is rich 
in Mg and Fe**. The presence of signisicant quantities 
ot boren im désiliconized pegwatites beara evidence to 
support their Formation during the pneumatolytic stage. 

fiinerald-bhearing bands disclose an increased 
boron content im contrast te fluorine running in the 
direction from north to south. This is evidently cone 
nected with the heterogeneity of the initial composition 
of the pegmatite pneumatolytic melt eclutions which form 
in various parts of the intrugion and besides this, more 
desp-seated parts of the pegmatite bodies have been 
discaevered in the southern part of the emerald-bearing 
ome, where boron im significant quantity is bound in 
tourmaline with the assimilation of iron from enclosing 
rocks. 
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CARBON 


aebon does not play a subatantial part in endo 
gesale processes at the Emerz = ivias ‘Bea , 
hydx “ot herme lL et Po 4% aernters- SHE + byes compe en bas 
calcite, dehLamita ard. Phe ae chs ‘opite. The possibil: 
does indeed e¥iat that the formation of theses minerals 
is Goumectad with the decomposition if witrabasice and 
basic rocks oF Late carbenste fractions ef the granite 
LRUPUsLO and’ the calcium and magnesium derived from 
them, The carbon of carbonaceoug shales did not partie 
elgpate in mineral form:tion, for the fractions ef the 
evanite dantrucion did not eesact on the carbonaceous 
SLATE » : 
Ouring the bypergeniec stage considerable. amounts 
of carbomie acid reacted with the ultrabasie rocks, 
adissouczated the Lerre-magnesian silicates with the forma- 
pace, ot CeLen te, displacing silica which orystatlige 
im tne Lorm of open and chalcedany, At this same stage 
malachite, agurite and biamuthite were formed. 
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Among the independent titanium minerals found at 
Enerald Mines there were rutize, sphene, (grethine) 
Limgenmste which are eee to the ¢hiorite zones of 
eee eh Gd necmatities fn the dissersed state 
ht Wn GOALS Lorms a winie Beries OF mineraie: 
baa) ae. phlogopite, muscevite, Luchsite, tourmaline, 
ete.(¢ee Table @4). The distribution of titanium in 
the indicated minerals and its ecrysatallochemical proper~ 
thes Sllow one to suppose that it isomorphically replaces 
ae is khetats and phlegepite, AL is tourmaline, Nb 

aid) ‘Pa im GoLumbite, which thus produces its intensive 
me Per se bon bree an & large number of istneraks, 


the Main Soeures of titanium ix céaiticon Load 
peogmatites of tae Emeraid Mines is the enclosing rocks. 
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1 Murginka granite dntrusiom and the pegmatites 
aepochated with it are characterized by an exceptionally 


7E4 


iow #irconium content. Ft is present in thousandths 
and ten thousandths of a fraction in amphiboles , 
amphibole gneisses, and dicrite-porphyrites. In pure 
Lime petgmatates at is contained in G00 5% GORE ETY Bn 
Barnet, aibite, columbi te and apatite, The a2irconium 
content iv, ulttarts attains .0025%, an Sesg bc onsen 
pegmatites « is Pound both in dispersed state 
and ain the form of wircon. The Latter is found in 
extremely fine erystals , ontained in shlagopite. Bae 
8ides this, Bircentium is contained in tourmaline and 
actinolite in quantities ef 0.05%, 


PHOSPHORUS 


shed by chemical analysis 
c ining amphibole and amphie 

i ie 34) . “En the mwitneral-formation 
process @t the Emerald Minas it plays a considerable 
part. Among thea independent phosphorus minerals only 
apatite is known which is present in nearly all the 
above mantioned rocke, #8 well as in pure Line pegmatites, 
desiliconised pegmatites and pnoumatolytic-hydrethermal 
formations, The sources of phosepharus ia probably both 
im derivatives of granite intrusion and the enclosing 
rock. 


ae 


in serpent: 


Phosphorus is found in the dispersed state ag 
weid. i jas ermined in phlogopite (0,23 - 0.25 
percent PoOs} oh cal analysis, and spectrally in 
AtRVe bliamuth, ilmenite and plaviociags#, Recause of 
the clasely related Z2es8 Of the ienie radii, phosphorus 
replaces silicon im apatite and garnet. It is mot ovt 
is bh 


= 


an phlozgopites, For examole, silicon 
aL x ‘ upatituted by phospuerus, the symmetry 
of tne PO and 340k making euch an isvmorphiem possible. 
83 ee the more probable, for the formation of the 
GOrelian Hrerald Mines proceeded with a lack of silica. 


NIOBIUM AND ‘TANTALUM 


Columbium and tantalum have sparse occurrence at 
the Bmerald Mines. Their independant minerals, columbite 
amd tantelite, are found in pure line pegmatites as 
peas wincgrals. These minerals have not pheem dis- 
covered in desiliconized pegmatites, which is well 


Seu 


exp Ls ined, to ee thier with the lew columbiwna and tantalum 
content in derivative granitic magma, by the dispersion 
ox these elements in mluerals rich im icon and which 
contain titanium: phlogopite, chlorite, where they Lgou 
morphicailiv replace iron and titanium. : 
The Slight columbium and tantalum contents de not 
eden Their datestien by the ch eRe method Frow ordim 
mary gengles., From large samples, sheraeeiiingr ae been 


determined in binary granite (0.002 NooGg), im pegmatite 
{9,006 Nbg0s); in phiogen ape Ix oi Sante ane acd pegmatites 
' one has es stLablished Nhs O.017% and Tas is OG, 002%. 
Columbium bas been estabhis hoa dn.ie ol wits (8.01%) using 
i the Bee et aE - method, . 
as ' BISMOCH . | 


Bismuth ie found im granite and tremelite rool 


(O.0005%). In. pure line pogmeatites it ie present in 
rei appa tantalite, molybdanite, apatite, garnet, 
cOoLumoBate and wunecowlte. In pmeumatolytie hydrothermal 


veins biemuth is encountered in bornite, ephalerite 
and muscovite. In destliconised pegmatites, it forms 
independent minerals: mative bismuth and tetradgmite, 
amd ig presént also im dispersion in molytdenite, 
cheysoberyL, ilmenite, chromite, magnetite, phlegepite, 
Puch@ate, apatite, beryllium-containing margarite cece 
other mineral « (wee Table O4), 
: fhe granite intrusion and ite different frections 
ne Soures Of bismuth. The relative dearth ie sulfur 
mite intrusion has led te the dispersion af 
Wath theraeugn a mumber of minerals and rocks and cauaad 
the formation of mative bismuth, The presence of bismuth 


{Ra 
& 


: 24% Upenoblite recks evidently attests to a introcuction 
Gi this #elamert to the roof of the dntr sion ab a very 
‘ Gariy stage in ite interaction with eee rook . 


SOLE UR 


Sulfur has played an insignificamt role ia the 
Process: Gf Mineral formation at the Emerald Mines, A 
part of it was brought in by fractions of the granite 
intrusion, a¢ evidenced by the presence of sulfides in 
pure Ling pegmatites and pneumatelytic-hydrothermal 


aS 


formations, while another part was assimilated from the 
enclosing rock (Table 35). 


Table 98 


Suifur Content in the Enclosing Kock 


Rook Sulfur Content in % 
: | 
Dunate | He o6n, 
Serpentine . ao34 
Yremolite Rock | He odin. 
Amphibole, containing 
chromivns [Ot — 08 
Amphibole gneisses ~ 10,140,418 
QGuarte dicrite 011-012 
Metamorphized quartz =| 
diorite | 42 


im pure Lane pegmatites, sulfur is found in only 


one mineral, molybdenite., in pneumatolyticehydrethermal 


Veins it AS present, together with molybdsnite, in 
Sphalerite, pyrite, chalcopyrite and bormite, Im desail 
COnized pegmatites, aside from the independent sulfur 
minerals, molybdénite and tetradymite, a part of the 
sulfur proceeds through dispergion, combining in 
berylidum-containing margarite (0.11%) and in a number 
of cases in phiogopite (0.0% —0,15%). 

The occurrence of mative bismuth in cross iine 
pegmatites and pueumatolytice-hydrotnermal veing attests 
to sulfur insufCiciency in the veins of derivatives of 
tne granitic magma. This is also indirectiy borne out 
by presence of tetradymite granules in native bismuth, 
which, uate possibiy, the rele cf sulfur is filled by 
tellurium., Only part of the elements which have an 
exceptionally strong resemblance to sulfur, as , for 
instance, #imc, molybdenium are found in the form of 
sulfides with a shortage of sulfur, 


CHROMIUM 


The presence of chromium in mineral formation at 
the Emerald Mines is basicaliy required for the green 
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cuhLor ef the emeralds. Chromium is contained in Largest 
quantity in ultrabasi«c and basic rocks and ther meta~- 
iiorphosed Varieties, serpentines , amanhbiboleg; it is not 


found in cdiorites aaa. ampnibolLe gneisses (fable 99). 


Table 9. 


Chromiua Content in Enclosing Rock 


(Data ef Chemical Analysis) 
Rook | | CreaGe . %& : Number of 
waht ¢ , 
determinations 
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in ubtrabesie rocks chromium is present in the form of 
chromite, ag well as im isdemorphic additions to ferra~ 
magnegian silicates, The chrowium wnich is contained 
in pure line pegmsatites im thousandthe ef « percent was 
mca t Likely asgimilated by the granite intrusion from 
racks on the roof. In dross line pegmatites chrom wm 
PEver® im the form of additions te 19 minmerale: epadete 
(4.0 By. Lucheite (6.6%), bervilium-centsining margarite 


(9,.4%),. alLexamdrit e (0,30%), PALO gepa te (O,23%), chryso- 
berg st ae beryl (0.0% -0,06%), emerald (0.13 6 0. 25%) 
and others. It waa discovered by spectral analysis in 


Causnat ae (CO .25%), biotite (0.025%) , phenacitie (G. oS 
topae €060.025%). The entrance of Shrowiun inte epidoete 
fuchsite, beryllium-containing MA CELLCe and phisgopite 
produces reduced intensity in the Eecerad lon fF late beryl 
whieh ordinarily has a greenish white hue. 

imder the effect of pegmatite and pneunatelytice 
hydrothermal solutions on the vitra basic recks, chromium 
pagses over into solution, from whence it enters the 
structure of the boryl, isomorphically replacing the Al 
im it amd bending it a green color, 
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MOLYBDENUM 


Molybdenum is ancauntered at the Emerald Mines 
im &@ll vein bodies of the @ranite intrusion, In insig- 
mificant amounts it has been determinec by spectral anale 
sis in albite, muscovite, apatite (from pure line pegma- 
tites), in sphalerite and bornite (from preumatolytic~ 
hydrotbermel vweins!, in phlogopite, prochlorite, corunde-~ 
philite, Puchsite, beryl iiumeconeaini ne margarite and 
native biamuth (from desiliconized pegmatites; see Table 
94), The form by which it enters minerais in the dis« 


persed state is paihiea dele it is pos¢ibie that it is also 
partially present here in the form of finely dispersed 
molybdenita. Deriv ratives of the grenite intrusion act 


as the source of molybdenwa, 
LENIUM AND TELLURIUM 


Sé@lenium has beerm discevered by chemical analysis 
in molybdenite from pure Line peese*) ites an the quantity 
of O.0032% and in peaebeea cee from desilicomiazed pegmatites 
ranging from C.0055 to 6.0072% 

Tellurium forms an iden sadene mineral, tetradymite, 
found in the form af fine granules in native bismuth, 
tending te concentrate at desiliconized pegmatites. Tel«- 
ae was determined by the chemical method, just Like 

zlenium, in molybdenite from desiliconized pegmatites 
im pnounte of 0.002 = 0.0023%. 


Vimegaten enters the chemical camposition of 
sceheelite found in dolomite streaks. In ather minerals, 
it has mot been det -ermined by @ither chemical nor specte_ 
ral metnods. 

it should be noted that together with the lack 
of tungsten in fractions of the granite intrusion a small 
tumgsten deposit is connected with this intrusion at 
several tens of kilometers from the Emerald Mines, It 
is true that the tungsten in this case is adapted to 
later quartz veins tnan the derivatives of the granite 
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intrusion which form the Emerald Mines. The occurrence 
* hs 
ty 


of tungsten mineralization at single sections of the 
m 


imtrusiorn and the practical absence in others is evidence 
otf diverse physicochemical conditiene in their formation. 


Part of the tungsten im dexiliconized pegmatites are, 
Maturaiivy, 20 a disgoersed state and without considerable 
concentration are not detected by the spectral method 
USEC » 
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Manganese, which forms part of the composition 
Gf more than thirty minerals found at the Uralian Emerald 
Manes, is partially brought in bv derivatives of the 
eranitic MAR And partialiy assimilated from He Goosen. 
ime roche (sea Table 94 a the quaLity of pri 
component, Af enters 1 Cont age Gk garnet, % 
and columbite, amd in t. Ferm of cmorphie additions 
ci dimen a por tie clinehiei te, 
te, aphaleraite and ether minerals. 
miby of dimensions of the tonic 
igamerphically replace magnes 
iron, Caleium, sine and aluminum. The presence of 
Sicgérable quantities of these elements in the miners 
Formation process at the Hmerald Mines produces the 
Segregation of their independent minerals and tne disper- 
S100 Of manganese in them. The isomerphic substitution 
as Yervaus iron by manganese has been wost widespread in 
COLUMDLtE, tantalite, garnet, ilmenite, phiegepite, ete. 
Lass prevadent 38 the laomorphism hetween manganese and 
WARMEST Which oocur in minerals of the shierite, acti- 
te, tourmaline amd clinchueite groups, Menmganese 
replacement of calcium and aine (im apatite, ¢ale 
ha, te} as noted considerably Less frequentl 
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COPPER 


Copper plays a minor role in mineral formation 
at the Ureadlian Emerald Mines, Ite source has most Likely 
Beam both derivatives af the ae te antrusion and the 
enclosing rook aie eee from O,0005 to 0.605% Cut 
Spectral analyses shaw that copper is present im all | 
vein bodies of the Emerald Mines in more than %O minerals 
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(see Table 95}, The content of cispersed copper in the : 
ix ‘6S As measured principally in thousandths and ten 

| tnuousancdths of @ Fraction of a percent, and cniy five 

| iy garnet, sphalerite, moliybdenite, fuchs- 

Ate, Goce it occasional ‘ C . 


fui 
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ite and prehnit Ly attain 0.62 =8 06,9%. 
Copper enters as the main component into chalcopyrite, 
bornite, chalcosite, covellaite, malachite and avurite. 
Sometimes native capper is found. Yhe form of entry 


ivy known for copper. For 


inte other wane ahs 
i present phie so- 
c 


example, & smail amount of si 
wite together with copper, and it is censequentiy uncer~ 
tain whether bivalent copper substitutes eel and Mg 


; which have cles¢@ ionie radii with it, or is it present 
jn these minerale as a mechanical addition in the form 
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. sulfides s, woich brings about the formation of native ¢cop- 
Ber and other secondary minerals (ceovellite, chalcogine). 
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LitTHivuM 


me oe ae ataete a igs ea SGP cay wi BOE oe nar i : ede ore gm Ee 2 
thium has been tidentifaed dn both roeks an 
in complenr. The spectral methed has 


mincrails of the vei i 
a 4 — . J * a eee 2 : Oe ae em mead § ae an 
digtlosed it dm the reckaea: granite (6,95%), diorite 
Parry | eee cow m oo Ha oe gk =e mee wer a3 of “ss a bre age hy ery, aan <a ng ode be, eo 
and aaphibole gneites (6.075%). No independent Lithium 


t the Uratigan Emeraid Min 

can be @ssumed that the roots of the pegmatite veins 
red here by erosion, although the pre~ 

Hyper parts of the peremalites are surrounded by 

re spodumene and Llepidalite could 
not have Lormed as the resuit of reactions between the 
pegaatite and Pee Oe eee oe hermal “molten solution 
ghd the enclosing rocks which contain ere amounts of 
MA ne B Lim 
Through chemical analyses Lithiva was discovered 
in desiziconized pegmatites in phioge epite (hie® G.,1a— 
O.#9%)}, berylidum-containing ars write (0.36 +- 0.78%), 
beryl (6.06024 ~«0.%0%), fuchsite 0.25%) and plagioclase 
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FO.025%). in pure Line pegoatites it di. found in b eryl 
(Live G.105 = O.aeS. a) ; “Leavelandi:e and mi crocd Axe 
mA ; 
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, ee a oe oe oe PSS BS : oan res ee ; Sa eee let ae rd Bi Panett ule 
be BRE Re Ge Oe poe Lithiun owxtde cant ent an per vio Prom 
2 te ra the : ied “ i } Te tad eel oY yO Posts 2 wury gto * tr a | “4 on r * me aye “4 $ ; an ang 
ped lery AEM LOL acenydvothornad veins varbtes 3 rom ,04 i te 
‘ ¥ r ‘ ener res . Hy Sa bt gay Pe ~ 4 ~ dn om ~ t . 
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‘“ ee “ 
+ “” , 4 ‘. fo i. ig 7 ¢ nae ~ a g nf s ay t . ee ar ” 
Mls CVV I CE Co a a ee PrOGMLoOriLe erm a. oe a PpLe Gees 
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Pita LAP shies eyes LOUPrMA Line {0,0 ge ee a 
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Solutions intruded into 
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éé ei sor 7 eo De ay ot * my . x " *y ~s 
Spectrad Quantitative Aanaivees in a 
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ee sece: ae Yom diilerent veir podie 


Large gumher of 

S-. Lt was discovered 
LD » wical means in cleaveleandite (0...05%), albite 
GOO 6353 » plagioclase (0,009 = 0.047%), potash feldspar 

( ‘ Ph), beryvyh (0.6.06 -0,.01 a} a or ely lamellar tascovite 
(0.216%) and in cucnaite (0.05 


ad 4 
ss), It is evident from the 
Phat ruoidsum bs contained in tha: dargest 
{Wane ity an imiscovite and phlovopite where it isomer pha - 
caliy replaces potassium. | | 


? 


Cesium was determined by chemical analysis in 
potash Peldsnar (0.001%), plagzioe (_ 2} and in 
beryl (rancing from O.01L4 to O.04% 4S, made in eight 
date fe nations}. Yuu © greatest amount of cesium was 
discovered in beryl 
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ryl (0.046%) wasech came from pneumatol ytic~ 
my ilra ey ermal veins. 
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This element wes not establisned by ee 
AYR pyc ta tne rocks. Silver is present in small 
amounts on the minerals from differen t Vein bodies. in 
aa ine BPegmacites it nas been determined in molybdenite 
ite (0.0005%) and garnet (9,.06005%). In 
vdrothermal veins silwer is contained in 
IOCHELLE, sphalerite, and chalcopyrite (see 
1S interesting te note the presence of 
Sliver in golybdenite which also came from desiliconized 
eee ites in the Wery same guantity as in molybdenite 
stenning Pom pure Line pegmatites Moreover, siiver is 
eoneaigied im mative bisrmuath (0.05%) , as well as in ile 
MENTS, Pucnsite and phacolath in amounts of ©@,0605%), 
the most significant silver centent is found in 
ore Toeriwved duriag the late Stage of vein body Lforma- 
C20n., Tne chalcophylic nature of silver produces its 
association with such elements as zine and capper. 


STRONTIUM 


2 Strontium hes been determined by spectral anaivses 
in both rocks and in the minercats of the vein compiex. 
he presence of strontium in grenite (0.05% -0,05%) and 
pure linge pegmatites (0.005%) attests to the fact 
hat Ghe bare Source of this element is vein derivatives 
oF the granite intrusion, . 
The iA XS OnE strontium content vey ids to o 
éteniies porphyrates and amphibole gneisses (0,35 -0.5%), 
strontium has ne established in pyroxenite (0,09%), 
chroamium-containing amphibole (6.05%), tremolite rock 
: it de not found in dunites and serpentines. 
& line pegmatite strontium is present in micro~« 
cline, al ee. apatite, molybdenite and muscevite. In 
prepa slyticenydrothermal veins it is found in aibite, 
muscovite anu saphalerite. In desiliconized pega tites 
it COMposes aparites, Pluorites, fuchsite, beryilium- 
containing maxgarite, plagcioclas fé, phicweopite and other 
minerals (see Table 94) in rather significant quantities. 


° it pur 1 
a 


~ 


in apatite , Clinuorite, and beryllium-containing margarite 
strontium 3 somorphically replaces calcium, while in phloge- 
pite, muscovite and microcline only partially potassium, 


at has been nrouen by @ number of inves rare ees 
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(Abrans, 1948; Hahn and Walling, 1939) that in magmatic 
rocks @ part of the strontium is a preduct of the radioe- 
active conversion of rubidium. It is possible that the 
atrontius; at the Uralian Emerald Mines ts alea partially 
of radiogenic origina. 


~~ a 


By Spectral anmealyeis cadciaium has been detected 


onky in abbate (0,525%) Stemming Cx pure Line pogmatites 


and in sphalerite (6.355 -<-0.5%).from onenumatolytice 
byvdvatheread veins, It hes net been found in rocks. 
im. Wiew os thea velateduess of the geochemical properties 


‘of cadmive amd anc and the predeminance of the latter 


Aer wes sists ‘tituters gins im sphalerite in the form of a 
am isomorphic addition. 


Barium, just Like strontium, is contained in 


Ma REGwe Guantiltaon iis alge greleses €6.35 =» @. a 


ey 
 enlne dioritces (O,0065 « 25%}, diorite porphyrit 

(9,8 O58) Grave tes PS ea ee nure Line Sore Bes 
(G,.G2%). Kt is not found in ultrabasic recks, Baris 

has been determined by spectral analyeie on ll minerals. 
Le Occurs am puré as well as crose Line pegmatites « 

im pure line pegmatites bariun is present in 
epee? Licance aie. garnet and alipite, En preumato< 
Lytigehydrotberma) veing it is discovered mands LG GS = 
eavate and oiieze En desiliconized pegmatites barium 
Gmtearea inte the iat ae aa ef phlogopite, eories 
peeheibe. end other winerala (ase Table 94). Earium, 

gust Like strontium, So aoieatie came from Fractions of 


og 


the granite iutrusion. 


Tae closeness between the barium aid potassium 
LOMLG £raGLE ana the former's slight ecentent in fractions 


Gf the granite iutrusion determine the princival lines 


of behavior of this element which produce its dispersion 
LM PULtaAseium MAnecaAls. . 
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SCANDIVUM 


Scandius has net been established by epectral 
analysis in rocks. It was discovered by spectrochemical 
analysis of 1O gram samples in a number of rocks (Table 
100}. In the vein complex scandium is present in limited 
numbers of mineralea. In pure line pegmatites it forms 
a part of the composition of tantalite and columbite in 
amounts of 0.005%. 


Table 1606 


Scandium Content in Enclosing Rocks 


Rock Se Content, % 
Granite - - = fi - mee tee g 0, 0007 
Porphyroid granite - 9 n. Bose 0, 60R3 
Diorite . 2. er eee ee ae ee 2, O019 
Dierite-porphyrite.~ — cum 2 om (, OO10 


AmphiboLe gMeiss o.oo ee || O04 
Pyroxene porphyrite - .. . —-—- =; &,q0i0 
Serpentine ee me om ef OONUT 
Chlerite Zone . 2 mee mee oe won | GEES 
Tale zone . rates Sa a cottage 


fae 


The highest scandium content is seen in actinolite 
(6.05%) from the reaction zone at the contact between 
dicrite and serpentines and in minerals from desilicon- 


‘timed pegmatites, in the emerald (0.025% by chemical 


analysis} and beryl (0.025%). It is present in thousandths 
of a percent in phiogspite and ilmenite (9.005%). 

in the emerald scandium apparently replaces alumi- 
num. The presence of 1.89% magn sium in this mineral 
supports the contention cf Rankama and Sahamat 1952 ) 
that scandium can replace aluminum in aluminam minerals 
under the condition of simultaneous substitution of 
aluminum by magnesium. | | 

The presence of scandium in columbite coming from 
pure line pegmatites speaks for a part of it apparently 
being brought in by derivatives of the granitic intru- 
sion. 
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Ghd es hae bat 


f Vi. al % Pooprtt 4 tee, ™~ he < ae +4) Wy ia! “ ere iad hm seat 4 4 i 
Pie glase reletian of a number of geochemical 


e 
properties of gsliiywe to aluminum and its completely 
insignificant coutents have determined the sat 
dispersion of thie elament throughout the rotks and 
manmerahs of the Uralian tmerald Mines .« 

Gallium has been determined ty spectral analysis 
in dumite., tale schist, tremolite reek (9.001%), pyro- 
OT 4 auphibole, dicrite-porphyrite, quarts diorite 
195%) and granite (0,005 = 6.01%). In slight quanti- 
ties 4£¢ is present im all of the vein bodies found at 


© 


‘ «ts, TOY au ty amy f ‘ PA ai f + yu eo + ar ar : we ar tem ; hy a 

the Emerald Minea, Em pura Line pegmatites 1¢ occurs 

Pron Soot, ope tap Hh cee, et whe ry ag ig ad t,o hh, a ae bes, TY 

im hundredths and thousandths of a percent in the come 
rs 4 * ZX 


+ ‘a 


rtae Tn desilicenized pegmatites the most signilie 
£ gallium content is cheracteristic of i alexandrite, 
prochlorite, plagioclase, phlogopite (see Table 94). It 
is interesting te note that im the molybdenites of the 
gerade Ea: 2 gallium has not been disclesed by the 
spectral method; it waa established in sphalerite in 
thie fs gh apes LER TE af } “GOL « 

Pie data presented on the distribution of gallium 
and the EYL MS Litbeihye ae PEenRaences between £ Bs Lidum and 
aluminum content ithe greater the amount of aluminum, 
the greater that of gallium also) testify to the isomore- 
phic replacement of aluminum by gallium in aluminum and 
éluminum-containing minerals. 


position of muscavite, micrecline, albite, garnet and 
3 


Tundium has been discevered by spectral analyses 
eohLely in sphalarite from albite-quartaz veins in the 
amount of G,001%, where it isemorphical @pLaces ZANE s 


The minerais of the veins complex of the Uralian 
Himereakd Mines are Characterized by an imsignificant ton- 
tent of rere earths. They haw been detected by chemical 

analyses ouly in apatite (0.20 « 6.50% TRO05) and 
in columbite-tantalite (0.04%), while by spectral methods 


berg 
te? 
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im native bismuth, prochlorite (0.01%), fluorite (6.001%), 
vttriuar was discovered in rutile (0.04%) and prochlerite 
(G,01%). The findings of Keray spectrographic analyses 
of the rare earths taken from apaties se puré~Line and 


Gesiliconized a ae ae have demonstrated that elements 
Of the cerium group sharply predominate in their composi- 


tion, whereunorn porns lanthanum and neodymium are 
foremoat (jee Table $4), Ths wuantitative and qualitative 
Similarity between the elements of the rare-earth erowp 
and #atites D9 cot pure line pegmatites and desiliconized 
pegmatites, tosether with sther facters, points indirect- 
dy to their close genetic connection. The ¢lements of 
the rare-earth group in apatite and fluorite isomornphical- 
ly replace calciun, 


THALLIUM 


Thaltium was determined by spectral analyses in 
four minerals, muscovite (0,001 = 0.005%), microcline 
(0.001%), phlogopite (G.00L - 0.005%) and fuchsite (6.005%), 
The first two are characteristic of pure line pegmatites 
fhe second two of desilicanized pegmatites, The tainding 
ef thalliua in potassium minerals and its absence in 
iren-magnesium (ehlorite, tale) and calcium (plagioclase, 
epidote} minerals once again indicates its ¢loseness of 
Z¢8 properties to potassium, 


GE RBIAN TUM 


Germanium has been determined by spectral analysis 
in geven minerals: gernet (0.001 - 6.04%), topaz (0.04%), 
actinolite (G.05%), prehnite (0.001%), bavenite (0.01%), 
bertrandite (0.005%) and molybdenite (0.605%). Among the 
these, only garnet prevails with pure Line pegm atites, 
the remaining minerals being connected with desiliconized 
bpegmavtites and particularly with the hydrothermal stage 
im their formation. Germanium is not found in the car- 
bonacecus shales from the Emerald Mines, 

Considering the closeness of the geochemical 
properties in germaniwn and silicon, it can be assumed 
that germanium replaces silicon in the above mentioned 
Minerals . 
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TIN 


Tin has been discovered by spectral analysis in 
19 minerals from warious vein bodies of the Emerald Mines. 
in pure line pexmatites it is present in muses ite (6.001 
to 0.005%), garnet (0,005 ~ 6.01%), apatite (0.005%); 
in preumatolytic-hydrothermal veins it enters into the 
compositions of sphalerite (0.G01%}3 and bornite (6.005%). 
The number of minerals which contain tin is considerably 
higher in desiliconized pesmatites, It has been discev~ 
ered by chemica] analyses in ehrysebervyi (0.12%) and 
alexandrite (0.04%), by spectral analysise- im phiegepite, 
prochlorite, scorundephilite (9.001%), tourmaline (O,001- 
to 0,605%). beryllium-containing margarite (0.001%) and 
other tiinerals (see Table 94}. In view of the insignifi- 
cant tin content in minerals it is very éitficult te 
determine its crystallechemical role. High concentrations 
of this element in chrysoberyl (0.22%) which contains 
0.34% T4102 attest to the isomorphic replacement of 
titanium by tin. It is possible that tre dispersion of 
tin in Gther minerals is closely connected with titanium. 


LEAD 


Lead is found in amphibole gneiss (0.005%), quartz 
dicrite and granite (6.001%). At the vein complex of 
the Emerald Mines it enters into the camposition of 1g 
minereis. Im pure Line pegmatites iu amounts of 6.001%, 
icacg is moted in muscovite, albvite, apatite, and soiely 
in micrecline, columbite,and tamtalite dass its content 
jump up to 6.050%%, ft is present in the albite-~ 
Ibuscoevite-quartz veins in sulfides: sphalerite (0.001%), 
bornite (0.005%), ae well as forming part of the conposi-< 
tien of ailbite (0.061%) and musenvite (0.601-0.005%), 
in thousandths of a percent lead is discovered in minerals 
of the desiliconized permatites: phiegopite, proachlorite, 
plagioclase, tourmaline. apatite, fluorite (0.001%), 
mative bismuth (0,01%)}.and other minerais (see Table 94), 
The closeness of the dimensions of the ionic radii in 
iead and potassium, probably have produced their iso- 
morphic replacement and the dispersion of lead. 
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VANA D1 LUM 


VYanadiom has been established by spectral analy-~ 
S@S5 in alk yi te, aithough 
iy pure 
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Lconiged pegmatites vanadium in the form 
additions gs found im tourmaline, rutile, 
}, charys orem (0,02<-6,05%), emerald 
- »O5=0.005%), berylidum-containing 
ees ite (6,085+0,.005%). madd tit WAS geteeaines by the 
chemical method im the emerald (0.02%) in beryl (0,004%}, 
yi i hee menuas streaks of epidote-calcite cemposition, 
it conmcentrat in the epidote (ur ts 0,2 . 

eae i eee of Vanadiuin im tie minerals of 
tue vein complex cantirms the decuctions of a number of 
3 it ‘44: Rankama and Sahama, 
alement Guring the magmatic 
ne j 


my" ose Ls i trivalent iron and | 
aluminum which bawe similar tonic radii. ft £S interese 
ha , i 


the occurrences of slight amounts of wanadiLum 
im the emeraid, inasmuch aa t olor of emeralds from 
certain deposits tumbia) iss related to vanadium 
to aA consicerable exiant, it may be assumed that the 
of tralian eneralds is ani ae oniy py éhromiunm, 
) iv f@ihe Vanadir >, gust Like chromium, 


¢ 
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H 
isonorphically substitutes tie 2 4 LUTE UM 


an ae ac eae We a 7 AN a a ~ %, 
AKSENTO ANG ANTIMONY 
% 
FESS ~e ‘ . ‘ ~ ye yee sehr was Set ‘ ee “Sea en yy Ft Pa 
‘Mese elements are encountered very infre-yuently 
nm 3 2 Neate i id ae fe ere +: pe se ese ar ge Ei ag Oa To se 
ar the bmerald Mines, arsenic has been determined by 


a 
Loamaiysis in two isinerals from ths desilicanized 
: : 


a 

péegmatites, moliyvybdenuws and rutile, in quantities of 
O.01%. Antinony was discovered by the spectral method 
in native bismuth (around 0.1%) and cale (0.01%). 
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The ne aeeos of. shiovine in the process ef mineral 
Dies : Lbs sés is entirely ins EL eOLLL GAME « 
405 SOUres i apparently part the en closing & eek and 
partly derivatives of the gr bic magma. in the eroblow 
rooks Poe chien aa content, determined by chemical 
shysia, varies from traces to 0.06%. Tn metamorphic 
dunk tes abd tremoiite rock chlorine has uot been detete~ 
ted. Chemical analysis of the mingrais tram pire iine 
POE Cns CLCSS ones Maeve MnLoxvinme traces in muscovite 
ae 


fats 

tea 
2 Ea 
OG 
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amd microslime, Ix siliconigzged pegmatites chlerine 
is present ix slight pene ree (traces } in phlogopite, 
proechlorite, torundephilite, plagioclase and only ix 
beryl livum-containing margarita Coes ita content reach 
2 a Bos * . _ 

fhe erystalloechemical similarity botween chlorine 
and Livorine and the hydroxy). group, Be WE ae ae Lhe 
presence of a considerabla number of minerals containing 
OH amd F have produced the disperaion of ee bme in 
the atructures of these minerals. It ia possible that 
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part of the chiorine oceurs in gAs@ouse-liguid inclusions » 
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Rhenium wae discevered tw the chenical method in 
mokLybaenité Crem pure lime peg euatites (O.0608%) and 
desiliconiaed pegmatites {6.0006 » G,0059%) . its highest 
content (O,0055%) occurs in molyhdenitag which are asso-~ 
ciated with natdyvye biemuth and tetradymite im the plagio-~- 


clase of dasiliconiszed pegmatites, 
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Cobalt was determined bv spectral analysis in 
ail ultvabasic and basie rocks and their metamorphic 
debra! (up ta O.01%)., The an quantity if present 
im anohibole vueise and gquartse ite (6.005%). In 
sea y2ed sampie of ee ee oF was tiat digcovered. 
it occurs in the veln complex principally in minerals 
or desiliconized pogmeatites:s phiogs ee. prochlorite, 
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in the normal evolutionary development of magmatic rock. 
In this respect, the process of formation of desilicone 
ized pegmatites must be regarded ag a natural experiment 
which makes it possible to Besar. our views oo the | 
isomorphism of elements involved in stkilL other processes 
of mineral coermation, rather than merely thosée restricted 
to this particular process& « 

Durine the formation of the desiliconized pegmae- 
tites, just as in general im any mineral formation 
process, the gaochemistry of each element is Pundamentally 
determined by the concentration and physicochemical 
properties of both the given element and the ofher éle- 
ments which aieelagied it, i.e, by the law of masa action. 

7 A change in the concentration of elements during 
the formation of desilicanized pegmatites in time and 
space, together with a heterogeneous initial composition 
of the molten pegmatite phemnatolytic sazRutions and ere 
closing rocks is determined by such factors as different 
vwelatility in the sompounds, a different degrees of age 
similation of the enclosing reek and the discharge of 
elements at the lata stawe in the form of water-soluble 
S6i%56 Tihuas, the presence of wolatile compounds, parti- 

cularly water pairs, flucrine compounds and nydroxides 
produced hiwvher conusentrations in the upper partia of 
beryllium, F and Hed. The assimilation oF large quanti- 
ties of magnesium and iron determined the wnique crystailo- 
chemical structure of the minerala, which in its turn 
produced ather mineralogico-geochemical and, especially, 
isomorphic interrelations hetween the elemonts partici- 
pating in the preress,. At Later stages iy the brocess 
alkali elements were carried of f in the form of water 
soluble, primcipally flucrine compounds, which. alss 
resulted im a chanre in the concentration of eluments 


aM, 


participating in the process, in the POPmeL sen ar new 


minerals and the substitution of certain eLlemerte by others. 
Together with the imdicated factors whach deter 

mine the geochemical characteristics of the Formation. 

of desiliconized pegmatites, including the phenomenon 

of dsecmorphism, it is necessary to point wut a more 

generak law which was in prinmcipls expressed by 

Le Ch&ételier to the effect that every modification in 

factors determined by chemical equilibrium causes proces- 

ses inthe system of development which counteract this 

change, An illustraion of this principle can be found 

im any ¢hement particpating in the formation of the 

Uraiian Emerald Mines. Thus, for example, where there 

is a reduced 5i05 concentration due to the assimilation 
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